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ABSTRACT
EFFECT OF AUTOCLAVING ON FLEXIBILITY OF FOUR DIFFERENT
NICKEL TITANIUM FILES
Anushree Mehrotra, D.D.S.
Marquette University, 2015
Introduction: Nickel-titanium (NiTi) files, introduced over 2 decades ago, have the
unique property of superelasticity, are more resistant to fracture and are more flexible
than stainless steel files. Recent developments in NiTi include M wire and
Controlled/Thermal Memory Technology resulting in files with claimed superior
properties to conventional NiTi files. Manufacturers recommend sterilization of files
prior to usage. These files may be subjected to further autoclaving if reused. The purpose
of this study was to test the effect of multiple cycles of autoclaving on the flexibility of
four brands of NiTi files and to evaluate differences between brands.
Materials and Methods: HyFlex CM (Coltene Whaldent), Vortex, Profile and Vortex
Blue (Dentsply Tulsa Dental Specialties) files of size 35 with 0.04 taper were selected for
this study. All files were subjected to 0, 1, 3 and 5 cycles of autoclaving and their
flexibility was assessed with cantilever bending at 37oC (n=20/brand/cycles). Nonautoclaved files were used as controls. Two-way ANOVA and Post Hoc Tukey’s test
were used to assess the differences in flexibility.
Results: Autoclaving had no significant (p>0.05) effect on the flexibility within a given
file brand but there were significant (p<0.05) differences in flexibility among the brands
with the general ranking- HyFlex CM > Profile > Vortex > Vortex Blue.
Conclusion: Autoclaving had no effect on the mechanical properties of these NiTi rotary
files.
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INTRODUCTION
	
  
	
  
Cleaning and shaping of the root canal is one of the important steps of root canal
treatment, which was traditionally accomplished by hand instruments. Root canal
instrumentation debrides the canal and removes pulpal tissue, affected dentin and
microbes, preparing the canal for obturation (1). Shilder stated that the clinician often
fails to maintain the shape and direction of the original canal (1). Curved canals in the
apical segment are a challenge for the Endodontist and complications like ledging,
transportation, and instrument separation might occur (2). As a consequence, the basic
principle of maintaining the canal shape during non-surgical root canal therapy may be
violated. Clinicians adopted various instrumentation techniques but most of them tend to
straighten curved canals (2).
Adequate technique would entail an intimate contact between the canal dentin and
the file to achieve adequate forces to clean and shape the canal (3). Evidence suggests
that cleaning and shaping are interrelated (4). Root canal preparation involves both
mechanical instrumentation and chemical irrigation (5). Cleaning can only be achieved
by enlarging the apical size so that irrigants can reach the apex to facilitate disinfection
(5). Adequate disinfection with penetration of the irrigants in the apical third can be
achieved by enlarging to a minimum size #30 (6).
Walia et al in 1988 introduced nickel-titanium (NiTi) files and found them to be
two to three times more flexible with superior resistance to torsional fracture as compared
to traditional stainless steel instruments (7). Lim et al. suggested less procedural errors in
negotiating complex anatomy with more flexible instruments (8).
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Recent developments in nickel-titanium are M-wire and Controlled

Memory®(CM) Technology files with a claim of having superior properties to
conventional NiTi files. The manufacturers state that CM wire files can negotiate
complex anatomy without complications (9). The M-wire NiTi subjected to thermo
mechanical processing resulted in increased flexibility (10), which facilitated better
preparation of curved canals. Shape memory files (CM) show greater flexibility
compared to other NiTi files (11).
Manufacturers recommend sterilizing the files before use. These files are further
subjected to autoclaving if carried forward in cases, whether they were used or not used.
A study on orthodontic NiTi wires showed that repeated temperature(12) fluctuations
may cause qualitative and quantitative phase transformation in some NiTi wires (13).
The possible effects of heat sterilization have been studied on NiTi files and contrasting
results were seen.
It is also suggested that thermo mechanical processing have an impact on
flexibility of the files (14). The purpose of this study was to see the effect of different
cycles of autoclaving on the flexibility of HyFlex	
  CM®	
  (Coltene/Whaldent,	
  Inc,	
  
Cuyahoga	
  Falls,	
  OH),	
  Vortex®,	
  Profile®	
  and	
  Vortex	
  Blue®	
  (Dentsply	
  Tulsa	
  Dental	
  
Specialties,	
  Tulsa,	
  OK)	
  files	
  of	
  size	
  35	
  with	
  0.04	
  taper,	
  using cantilever bending
method.
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LITERATURE REVIEW

	
  
The primary goal of root canal treatment is to prevent or cure apical periodontitis
by removal of intracanal microorganisms responsible for endodontic pathosis (15). This
is accomplished by using specific instruments and irrigants used to debride and shape the
root canal space inside a tooth. Dr. Herbert Schilder in 1974 introduced the concepts of
cleaning and shaping that formed the foundation for root canal therapy today (1).
He suggested five important objectives for every case1.

Root canal preparation should be a “continuously tapering funnel” from
orifice to apex

2.

The diameter of the funnel at any point should be less at the apex and
more towards the pulp chamber

3.

All curvatures occurring in the natural anatomy should be followed

4.

No canal transportation with respect to the root surface of the apex and
alveolar bone

5.

Size of apical foramen should be kept as minimal as possible during
preparation.

He also suggested four biologic objectives-

	
  

1.

Procedures should be confined within the root

2.

All tissue to be removed from the canal space

3.

Avoid forcing necrotic debris out of the apex

4.

Sufficient space should be created for intracanal medicament and
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irrigation (1)

Traditionally cleaning and shaping was achieved using stainless steel files, reamers and
broaches. Root canal instruments have evolved over time. The use of files dates back to
the mid-1800s when Edward Maynard developed the first endodontic file (16). He
crafted these files originally from watch springs and later from piano wires. In 1915 the
K type files were developed by the Kerr Company. K files are to date the most
commonly used stainless steel files in Endodontics (17).
Over the years multiple cleaning and shaping techniques have been developed.
All techniques were developed to fulfil the cleaning and shaping objectives proposed by
Schilder. The first technique was thought to be the Standardized technique, which
involves the same working length for all instruments and the final shape of the canal is
decided by the shape of the instrument (18). Weine introduced the step back technique
which involves a step wise reduction of the working length in 0.5mm to 1.0mm
increments with progressively larger instruments resulting in tapered canal preparations
(19). Roane in 1985 introduced the balanced force technique to manage complex canal
anatomy including curves and dilacerations (20). In the 1980s the step down technique
was introduced (21). It advocated preflaring of the coronal 2/3rd followed by preparation
of the apical third. This provided greater control and less transportation in the apical third
(22). Marshall et al in 1980 introduced a modification of the step down technique called
the Crown down pressure-less technique (22). Morgan and Montgomery suggested this
technique to be useful in curved canals (23). All these techniques aimed at reducing
iatrogenic errors while effectively shaping the root canal system.
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Biomechanical cleaning and shaping greatly reduce the bacteria nevertheless due

to anatomical complexities of the canal system some bacteria and residues cannot be
removed completely (22). Thus various irrigating solutions aid in cleaning and removing
bacteria, debris and smear layer from the canals. Sodium hypochlorite (NaOCl) is
considered to be the ideal irrigating solution with a broad spectrum of antimicrobial
activity (24). It dissolves necrotic tissue (25) and organic material (26). Removal of
smear layer, inorganic material and dentin debris requires the use of ethylenediamine
tetra acetic acid (EDTA) (27).

Chlorhexidine gluconate (CHX) is a broad spectrum

antimicrobial agent, it has antimicrobial activity comparable to NaOCl (28) and is active
against resistant bacterial species. It also has a lower grade of cytotoxicity compared to
NaOCl (28).
One drawback of using stainless steel instruments is that as the size of the file
increases in order to enlarge the canal during instrumentation the stiffness increases as
well (29). Many of the procedural errors are caused because of the stiffness of the
stainless steel files. Files used in curved canals tend to transport rather than stay centered
in the natural canal pathway. As a consequence the root canal morphology is altered, a
violation of the basic principle of retaining the original shape of the canal (7). Clinicians
adopted various methods to circumvent the problem including precurving the files and
using different instrumentation techniques. Manufacturers marketed a number of
instruments based on different designs, cross-sectional shapes, and fabrication procedures
in a quest for improved flexibility and cutting efficiency (30). Buehler et al developed
NiTi 40 years ago in the Naval Ordnance Laboratory (NOL) in Silver Springs, Maryland
(31). The acronym NiTiNOL was created by combining the symbols of the metals with
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the place of invention (31). NiTi contains 55wt% Ni and 45 wt% Ti and substituting
some Ni with less than 2 wt % Co (32). In 1988, Walia et al were the first investigators
to use this different metallurgical system, nickel- titanium, for fabrication of endodontic
files (7). These NiTi files were revolutionary because they exhibited two to three times
more flexibility, and were more resistant to torsional fracture compared to stainless steel
(7). The more elastic nature of nickel -titanium instruments has helped to reduce
procedural errors during canal shaping. NiTi rotary files have become the standard of
care for preparation of root canal system due to their greater flexibility (7), their ability to
stay centered in the canal (33), and cause less canal transportation compared to stainless
steel files (34).
NiTi endodontic instruments have had an exponential growth over the past years.
Dr John McSpadden in 1992 developed the first generation of NiTi endodontic
instruments with 0.02 taper and had file breakage problems (29). In 1994 Dr Ben
Johnson introduced the greater taper instruments (0.04 and 0.06) in the form of the
ProFile instrument series (29). These instruments had a “classical design” as they feature
U shaped grooves with flat areas next to each groove called a “radial land”. Cross
sections show a U shape design with radial lands and a parallel central core. Lateral
views show a constant pitch, bullet shaped non cutting tips and a 20 degree helix angle
(22). The radial land allows the file to stay centered in the canal while the file planes and
prepares the canal while removing the debris coronally. All first generation instruments
possessed passive cutting radial, fixed tapers over the entire length of the file, and a large
number of files were required to complete the canal preparation. The second generation
NiTi instruments became available in the later 1990s (29). These had actively cutting
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edges without radial lands and required fewer instruments to complete the preparation
goals. ProTaper ( Dentsply Tulsa) is most notable from this generation. Dr Cliff Ruddle,
Dr John West and Dr Pierre Machtou designed these. ProTaper in cross section is a
modified K file with no radial land and sharp cutting edges. It has a convex triangular
cross section (22). It was the first file to have variable tapers of increasing and
decreasing size within a single file. Another notable instrument from this generation is
the K3 file (SybronEndo, Orange, CA) that is advertised as having a positive rake angle
compared to a negative or neutral angle for all previous files. The positive rake angle
improves the cutting efficiency compared to the passive planing action of files with
neutral or negative rake angle (29). The next advancement in NiTi technology is
represented by the introduction of the third generation instruments around 2007 with
improved microcrystalline structure within the file. By using thermal processing it is
possible to adjust the transition temperature of the NiTi alloy itself, which resulted in a
file with higher resistance to stress and fatigue (29). Files from this generation include
Profile GT Series X (GTX, Dentsply Tulsa), ProFile Vortex (Dentsply Tulsa), K3XF
(Sybron Endo) and Twisted File (TF, Sybron Endo). A major change in Vortex from
ProFile lies in the non landed cross section and it has a varying helical angle to counteract
the tendency of non landed files to thread into the root canal (22). Dentsply Tulsa
introduced the M-wire in 2007. The NiTi file blanks undergo a series of heat treatments,
following which the file is machined into its final geometry to produce the M-wire file.
ProFile GTX and ProFile Vortex are all prepared using modified M-wire NiTi, with a
helical angle design. From the same manufacturer, Vortex Blue instruments undergo
further proprietary heating, which gives them a blue hue. The blue color is a layer of
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titanium oxide on the surface of the file as a result of the proprietary thermomechanical
process (29). The blue oxide layer of Vortex Blue is proposed to improve the cutting
efficiency and wear resistance over the M-wire instruments of ProFile Vortex(35).
Sybron Endo in 2008 introduced a file made by plastic deformation called the Twisted
file (29). The Twisted file has three unique features- twisting of the NiTi alloy instead of
being ground, use of R phase heat treated NiTi alloy as well as a proprietary surface
conditioning treatment of the file (36). An update of the K3 instrument was the K3XF
which differ as they undergo a proprietary R phase heat treatment after the files are
machined into their final shape (29). The EndoSequence files have a design incorporating
alternating wall contact points, ACP to reduce torque requirements and keep the file
centered in the canal (22). The lack of radial land makes a thinner and sharper instrument
with more flexibility. It also has a precision tip, which is a non cutting tip getting fully
engaged 1mm from the tip (D1). The endosequence files undergo electrochemical
treatment after manufacturing, being smoother with a polished surface hence have better
fatigue resistance (22) . The fourth generation of NiTi instruments are used in a
reciprocating motion and were marked by the introduction of Wave One files.
Endodontic instrumentation with NiTi has become the standard of care and helped
reduce procedural errors. NiTi files despite their advantages are not without
complications, with one big disadvantage of file separation, sometimes preventing
complete debridement and obturation (37). Usually NiTi fractures happen due to one or a
combination of torsional and/or flexural fatigue (38). Torsional fracture occurs when a
part of the instrument gets locked in the canal and the shank continues to rotate. Once the
instrument is locked and the elastic limit of NiTi is exceeded the instrument will separate.

	
  

	
  

9	
  

Flexural/cyclic fatigue occurs when the instrument continuously rotates around a curve
causing compression and extension forces to accumulate in the instrument, causing work
hardening of NiTi and leading to fracture of the file (38). Instrument failure occurs when
torsional strength or flexural fatigue are exceeded during shaping curved canals (39).
Torsional and bending properties are determined by the cross-section. In a curved canal
the instrument must follow the curve as closely as possible (40). A greater bending
moment will cause more exertion of force on the canal wall with greater chances of the
canal being straightened. Hence using instruments with lower bending moment are
helpful in reducing canal transportation (39). The canal anatomy is beyond a clinician’s
control but putting the bending force on a file is. Problems encountered during
instrumentation of curved canals can be managed by improving the mechanical
properties of the rotary files (41). Instruments with greater flexibility cause less
transportation and other undesirable changes in curved canals (42).
NiTi can exist as Austenite and Martensite phase that are temperature dependent.
The temperature at which this transformation of phase occurs is approx 100C for
conventional, first generation files. NiTi is in Martensite form below 100C and above it as
Austenite, which is the stiffer of the two crystalline forms. NiTi, however when under
stress can assume the Martensite form above 100C. NiTi has a property known as the
Martensite Deformation (Md) temperature (43). If heated above Md at approximately 1400
F and then cooled, it will permanently take on the shape it was at higher temperature.
Super elasticity occurs in association with a reversible phase
transformation between austenite and martensite due to stress(44). Conventional
files are in the Austenite phase whereas CM files are mainly in the Martensite
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phase during use. The martensite phase has remarkable fatigue resistance and
good damping characteristics. These instruments can be easily deformed and
recover their shape on heating above the transformation temperatures (14)
Manufacturers recommend sterilizing the files before use. The endodontic

instruments must endure the conditions imposed by sterilization. Root canal instruments
are used in rotating motion and fracture occurs when the resistance from dentin imparts a
torsional force, which is greater than its torsional limit. Instruments with greater torsional
strength have less chances of fracture (12).
Silvaggio and Hicks in 1997 studied the effect of heat sterilization on torsional
properties of ProFile 0.04 taper series 29 rotary NiTi (Tulsa Dental). Files were sterilized
0,1,5,10 and times in a steam autoclave, Statim autoclave or dry heat sterilizer. Files
were subjected to torsional testing measured by a torquemeter memocouple. Their
conclusion was that sterilization does not weaken instruments, if any changes occur there
will be an increase rather than decrease in torsional strength. Dry heat produced the
greatest increase in torsional strength. Hence heat sterilization alone does not increase
the likelihood of instrument fracture (12)
Canalda et al tested the effect of dry heat and autoclave sterilization on resistance
to fracture in torque and angular deflection and the resistance to bending of K files made
of different metallic alloys. They concluded saying that all files subjected to autoclaving
or dry sterilization satisfied the minimum standards for angular deflection (45).
NiTi has super elasticity and shape memory. This alloy however is susceptible to
the effects of cyclic fatigue and will fatigue fracture under sufficient stress. The
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Martensite phase of the alloy is induced during NiTi fatigue stress and strain, as the
instrument rotates in a curved canal. The fracture initiation and propagation of the alloy is
suspected to be caused by the Martensite phase. Heat treatment reorients the crystals from
Martensite to Austenite phase and restores the elasticity of the alloy (46).
Mize et al in 1998 studied the effect of sterilization on cyclic fatigue of Light
Speed rotary NiTi (LightSpeed Technology, San Antonio, TX). Instruments were used in
artificial canals with curvatures of 30 degrees and 2 or 5 mm radii of curvature. The
instrument’s mean cycles-to-failure limit was determined in a pilot study and then
sterilized or not sterilized before being cycled to failure. SEM showed cracks in all
instruments cycled to a percentage of predetermined cycles to failure limit. It was
concluded that autoclaving did not extend the life of nickel-titanium instruments (46)
Butti et al investigated the effect of sterilization on the cutting efficiency of NiTi
and found a slight deterioration in the cutting properties. Deterioration increased with
increasing sterilization cycles (47). There are potential changes in the physical properties
and cutting ability of NiTi instruments after sterilization (48). Shabalovskaya and
Andregg using a spectroscope studied the surface of NiTi after sterilization. They found
alteration in the concentration of nickel, titanium, oxygen and carbon on the alloy
surface. The extent of change was proportional to time of treatment, with a decreasing
amount of nickel with time. It was thought that the steam in the autoclave caused
oxidation of the files (49). Cooley et al showed a similar reduction in cutting efficiency of
stainless steel instruments after autoclaving (50).
Rapisarda et al in 1999 investigated the effect of sterilization on cutting efficiency
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of rotary NiTi ProFile (Maillefer instruments, Switzerland). The files were divided into
groups and subjected to 7 or 14 cycles of sterilization for 30 mins.The unsterilized files
served as control. Chemical composition of the outer layer of the files was studied by
Auger spectroscopy. They observed a difference in composition between the unsterilized
files and those subjected to a greater number of sterilization cycles. A greater amount of
titanium oxide was observed on the surface of the sterilized instruments, which also
showed a decreased amount of cutting efficiency compared to the unsterilized files. They
concluded that repeated autoclaving changed the surface structure of the files thus
altering their cutting efficiency (48)
Hilfer et al in 2011 studied the effect of multiple cycles of autoclaving on cyclic
fatigue of GT Series X files (Dentsply Tulsa Dental Specialties, Tulsa, OK) and Twisted
files (SybronEndo). They found that sterilization reduced the cyclic fatigue resistance in
one of the four groups tested, and did not extend the effective lifecycle of Twisted files.
Their findings supported the concept of single-patient use of files (51).
Plotino et al in 2011 evaluated the effect of autoclave sterilization on the cyclic
fatigue resistance of rotary endodontic instruments made of stainless steel and NiTi alloys
(K3, Mtwo, Vortex,K3XF). Their study showed no effect on the mechanical properties of
NiTi except for K3XF that showed a significant increase in cyclic fatigue resistance (52).
However Mitchell et al. in 1983 conducted a research to measure the effects of cyclic
autoclave sterilization and simulated clinical usage on the torsional behavior of stainless
steel endodontic files and found that autoclaving did have a detrimental effect on the
torsion of all files tested especially file sizes 35 and 40. They also observed a significant
decrease in angular deflection for files with increasing number of autoclave cycles (53)
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King et al in 2011 studied the effect of autoclaving on the torsional moment of

two nickel titanium endodontic files, GT Series X® files( Dentsply Tulsa Dental
Specialities) and Twisted Files® (Sybron Endo) and found that repeated autoclaving up
to three to seven times resulted in a decrease in torsional strength for unused GT files
while no effect was seen on Twisted files (54)
Kapila et al tested the load deflection characteristics of nickel-titanium alloy wires
after in vivo recycling and (DR) dry heat sterilization (together referred to clinical
recycling, CR). Two types of nickel titanium wires, namely Nitinol and NiTi were
subjected to three point bending test at T0 (as received condition), T1 (after one cycle)
and T2 (after 2 cycles) of DHS or CR. DHS alone, as well as CR produced changes in
loading and unloading characteristics of both wires. The load with deflection after DHS
only was small, whereas the force on loading and unloading were increased for both type
of wires after CR. Clinical recycling reduced the “pseudoplasticity” and
“pseudoelasticity” of NiTi wires and increased the stiffness of both NiTi and Nitinol
wires (55).
Hilt et al in 2000 studied the torsional properties of stainless steel and nickeltitanium files after multiple autoclave sterilizations and found that neither the number of
sterilization cycles nor the type of autoclave sterilization affected the microstructure, the
hardness or the torsional properties of stainless steel and nickel-titanium files (56).
Endodontic files are sterilized and re-used between patients to be more cost effective.
Repeated cycles of autoclaving may cause deterioration in the microstructure of the files
as well. With this question in mind Alexandrou et al in 2006 studied the surface and
microstructure of Profile and Flexmaster files with SEM after multiple cycles of
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autoclaving. They found an increase in the surface roughness of the instruments that
underwent multiple cycles of sterilization. After 11 sterilizations the files were
completely in the austenite phase in the oral environment temperature, suggesting that
they are capable of superelastic behavior in appropriate clinical conditions (57).
Ebihara et al in 2011 evaluated the bending properties and shaping abilities of
nickel- titanium endodontic instruments processed by heat treatment. They concluded
that the files gained flexibility after heat treatment and cleaned curved canals more
effectively (58). A similar study comparing the effects of autoclaving on torsional
deformation and fracture resistance of three innovative endodontic file systems was
carried out by Casper et al in 2011. They studied the effects on 3 new rotary files ProFile
Vortex (PV), Twisted files(TF) and 10 series file made from CM wire(CM). They found
that repeated steam autoclaving did not affect the torsional resistance of the unused files.
Also CM files might have a greater advantage of better torsional strength and high
deformation before failure (9).
Alavi et al studied the effect of steam and dry heat sterilization on bending
properties of NiTi wires in 2009. They studied three commercial types of NiTi wires and
found considerable change in load deflection properties of the wires after dry heat
sterilization. There was a decrease in applied force in both loading and unloading phases
and reduction in superelasticity of the wires. Hence the mechanical properties of the
superelastic NiTi arch wires were affected by dry heat sterilization and steam (59).
Different studies had different conclusions. Some researchers found that
autoclaving affected the mechanical properties of files while others saw no difference.
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Considering the mechanical properties of a file might be affected by autoclaving and in
turn affect the flexibility of the file, further research is needed to explore the effect of
autoclaving on the flexibility of NiTi files.
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MATERIALS AND METHODS
	
  
	
  
In this study, four commercially available files were studied for flexibility after
autoclaving. Hyflex CM (Coltene /-Whaledent, Inc., Cuyahoga Falls, OH), Vortex
(Dentsply Tulsa Dental Specialities, Tulsa, OK), ProFile (Dentsply), and Vortex Blue (
Dentsply) of ISO size 35 with 0.04 taper and 25mm in length were included in the study.
Eighty files of each type were randomly divided into four groups (n=20). A total of 320
files were tested.

Fig 1- From left to right HyFlex CM, ProFile, Vortex Blue, Vortex.
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Groups 1 through 4 were subjected to 0,1, 3 or 5-autoclave cycles, respectively,
for each brand of file. The groups that were not autoclaved (0 cycle) served as the control
group for each brand. Each file group was placed in a separate sterilization pouch in
batches of 20 files per packet. The Getinge Castle 4233 vacuum steam sterilizer was
used. The files were autoclaved at 2700 F for 4 minutes according to manufacturer’s
instructions and dried for 20 minutes after. Files that underwent multiple autoclave cycles
were allowed to cool to room temperature after sterilization. Files were removed from
sterilization packages and repackaged in batches of 20 per pouch before subsequent
cycles. No surface treatment or additional cleaning was performed on the files before or
after sterilization. Following autoclaving to 1,3, or 5 cycles the groups were subjected to
flexibility testing.
The files were measured at 3mm from the tip using a digital caliper. Each file was
placed in a chuck and securely fastened between two metal plates to keep it stable.
Bending was accomplished using a cantilever bending method (Model 5500-R, Instron,
Norwood,MA) and the apparatus was maintained at 370 C (n=20/brand/cycles). The files
were bent to a maximum deflection of 8 mm at a rate of 2 mm/minute. The distance
between the clamp edge and load was 17mm. The data was collected electronically via
Merlin Software and transferred to Microsoft Excel for further analysis.
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Fig 2- HyFlex CM mounted on testing apparatus

Fig 3- ProFile mounted on testing apparatus
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Fig 4- Deflection of HyFlex CM to 4 mm

Fig 5- Deflection of ProFile to 4 mm
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Fig 6- Deflection of HyFlex CM to 8 mm

Fig 7- Deflection of ProFile to 8 mm

Mean data were statistically analyzed with SPSS Software using Two Ways
ANOVA with brand of file and autoclaving cycles as factors followed by a Post Hoc

	
  

	
  
Tukey’s test to assess the difference in flexibility between file
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RESULTS
	
  
	
  

In	
  the	
  present	
  experiment,	
  four	
  brands	
  of	
  files	
  were	
  autoclaved	
  to	
  different	
  

cycles,	
  and	
  their	
  flexibility	
  was	
  tested.	
  	
  	
  Complete	
  data	
  was	
  collected	
  for	
  all	
  the	
  files	
  
and	
  analyzed.	
  	
  Table	
  1	
  displays	
  the	
  mean	
  and	
  standard	
  deviation	
  for	
  the	
  stiffness	
  and	
  
bending	
  moment	
  values	
  of	
  the	
  control	
  (0	
  cycle)	
  and	
  autoclaved	
  files.	
  	
  Using	
  two-‐way	
  
ANOVA,	
  it	
  was	
  observed	
  that	
  there	
  is	
  no	
  difference	
  with	
  respect	
  to	
  the	
  number	
  of	
  
autoclave	
  cycles	
  for	
  the	
  files	
  (p>0.05).	
  	
  Significant	
  differences	
  in	
  stiffness	
  and	
  
bending	
  moment	
  were	
  observed,	
  however,	
  between	
  the	
  file	
  brands	
  (p<0.05).	
  	
  	
  There	
  
was	
  no	
  significant	
  interaction	
  between	
  cycles	
  and	
  file	
  brands,	
  indicating	
  that	
  the	
  
four	
  brands	
  of	
  files	
  were	
  similarly	
  not	
  affected	
  by	
  autoclave	
  cycling.	
  

Table 1- Mean and standard deviation for the stiffness and bending moment values of the
control (0 cycle) and autoclaved files.
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A	
  Post	
  Hoc	
  Tukey’s	
  test	
  was	
  used	
  to	
  determine	
  which	
  file	
  brands	
  were	
  

significantly	
  different	
  from	
  each	
  other.	
  	
  Table	
  2	
  shows	
  a	
  summary	
  of	
  the	
  statistical	
  
analysis	
  of	
  the	
  files	
  with	
  respect	
  to	
  stiffness	
  and	
  bending	
  moment	
  at	
  different	
  
millimeters	
  (mm)	
  of	
  deflection.	
  	
  It	
  was	
  observed	
  that	
  Hyflex	
  CM	
  was	
  the	
  most	
  
flexible	
  and	
  had	
  the	
  lowest	
  bending	
  moment	
  at	
  all	
  deflections.	
  Vortex	
  Blue	
  had	
  the	
  
greatest	
  stiffness	
  and	
  bending	
  moment	
  from	
  1-‐2	
  mm,	
  while	
  Vortex	
  required	
  the	
  
greatest	
  bending	
  moment	
  at	
  deflections	
  from	
  5-‐8	
  mm.	
  
	
  
Table 2 – Statistical significance breakdown of stiffness and bending moment at different
deflections for the files.
Parameter
Statistical significance (p < 0.05)
Stiffness
Vortex Blue > Vortex > Profile > Hyflex CM
Bending moment @ 1 mm
Vortex Blue > Vortex > Profile > Hyflex CM
@ 2 mm Vortex Blue > Vortex > Profile > Hyflex CM
@ 3 mm Vortex Blue = Vortex > Profile > Hyflex CM
@ 4 mm Vortex Blue = Vortex > Profile > Hyflex CM
@ 5 mm Vortex > Vortex Blue = Profile > Hyflex CM
@ 6 mm Vortex > Vortex Blue = Profile > Hyflex CM
@ 7 mm Vortex > Vortex Blue = Profile > Hyflex CM
@ 8 mm Vortex > Vortex Blue = Profile > Hyflex CM
	
  
Figures	
  1-‐4	
  show	
  a	
  direct	
  comparison	
  of	
  the	
  different	
  cycles	
  within	
  each	
  
brand	
  and	
  Figure	
  5	
  displays	
  a	
  comparison	
  of	
  the	
  as-‐received	
  (0	
  cycle)	
  files.	
  	
  For	
  each	
  
graph,	
  the	
  average	
  bending	
  moment	
  values	
  at	
  the	
  various	
  deflections	
  are	
  plotted.	
  	
  In	
  
Figures	
  1-‐4,	
  little	
  difference	
  is	
  observed	
  between	
  the	
  cycles	
  for	
  the	
  respective	
  file	
  
brands.	
  	
  Comparison	
  between	
  the	
  brands	
  of	
  files	
  in	
  Figure	
  5	
  shows	
  Hyflex	
  CM	
  is	
  
more	
  flexible	
  and	
  displayed	
  less	
  bending	
  moment	
  as	
  supported	
  previously	
  in	
  the	
  
tables	
  above.	
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Figure 8- Bending moment vs Deflection for Hyflex CM files.
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Figure 9- Bending Moment vs Deflection for ProFile files.
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Figure 10- Bending moment vs Deflection for Vortex files.
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Figure 11- Bending Moment vs Deflection for Vortex Blue files.

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

	
  

	
  
Figure 12- Comparison between different brands of files depicting Bending moment vs
Deflection.
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DISCUSSION
	
  
An ideal NiTi file should have flexibility and resistance to fracture. This study
was carried out to see the effect of sterilization on the flexibility of NiTi files. NiTi
demonstrates temperature sensitive properties and exists in 1 of 2 crystalline forms
Austenite or Martensite (12). The phase transformation in most conventional NiTi files
takes place around 100 C. Above 100 C it exists as Austenite, the stronger of the two
phases and below 100 C it exists as Martensite form (12). Due to stress and temperature
changes a phase transformation between the two might be seen and sometimes an
intermediate R phase is also observed (13). Low temperature and high stress favor
martensite phase whereas high temperatures and low stresses favor the austenite phase.
As a result 2 types of NiTi wires are available- superelastic and shape memory.
Superelastic wires are in the austenite phase and can undergo stress-induced
transformation from austenite to martensite when loaded. Shape memory wires are in the
martensite phase and when exposed to oral temperatures a phase transformation to
austenite occurs allowing the wire to return to its pre-deformed shape (13).
The present study observed the effect of repeated autoclaving and therefore heat
treatment on the flexibility of NiTi rotary files, tested at 370 C. The transformation
temperature is one of the most important factors that influence the mechanical properties
of Ni-Ti alloys (58). The research in this thesis found no significant difference in the
flexibility between different files after repeated autoclaving. This study is in support of
the findings by Hilt et al, where multiple autoclave cycles did not affect the torsional
properties of NiTi files (56). It is also in support of the study by Casper et al where
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repeated sterilization did not affect the torsional resistance of unused files (9).
On the other hand Hilfer et al in 2011 studied the effect of multiple cycles of
autoclaving on cyclic fatigue of GT series X files (Dentsply Tulsa Dental Specialties) and
Twisted files (SybronEndo, Orange, CA). They found that sterilization reduced the cyclic
fatigue resistance in one of the four groups tested, and did not extend the effective
lifecycle of Twisted files. Their findings supported the concept of single- patient use of
files (51) . Mitchell et al in 1983 conducted a research to measure the effects of cyclic
autoclave sterilization and simulated clinical usage on the torsional behavior of stainless
steel endodontic files and found the autoclaving did have a detrimental effect on the
torsion of all files tested especially file sizes 35 and 40. They also observed a significant
decrease in angular deflection for files with increasing number of autoclave cycles (53).
Ebihara et al in 2011 evaluated the bending properties and shaping abilities of
nickel - titanium endodontic instruments processed by heat treatment. They concluded
that the files gained flexibility after heat treatment and cleaned curved canals more
effectively (58).
According to Miserendino et al, minute variations in design of endodontic
instruments may have a significant effect on its mechanical and physical properties
including torsional strength, cutting ability and flexibility (60) . Four different files with
different properties and design were used which might be suggestive of unequal
comparison scientifically but in a clinical sense different kinds of files or a hybridization
technique by mixing different types of files may be used for instrumentation.
In terms of cross section design HyFlex CM is triangular with a slight convex
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nature, Vortex and Vortex Blue are convex triangular and ProFile is concave triangular
with truncated corners (U type) (61).
Vortex has a triangular cross section without radial lands. The manufacturer
suggests this design promotes efficient cutting and decreased “threading in”. The
recommended rotational speed is 500rpm. The HyFlex CM commercialized in 2011
exhibits a lower percent in weight of Nickel (52 wt% Ni ) than the common 54.5- 57 wt
% Ni for the majority of NiTi instruments. The recommended torsional speed is 400rpm
with a 2-2.75N/cm torque setting. Through proprietary processing the manufacturer
claims Vortex Blue has improved fatigue resistance, cutting efficiency, flexibility and
canal centering capability. The ‘blue color’ oxide surface layer is the result of a
thermomechanical manufacturing process (14). The recommended rotational speed is
500rpm with a torque setting between 0.75 and 3.68 N/cm.
On comparison of flexibility between different brands of files it was	
  observed	
  
that	
  Hyflex	
  CM	
  was	
  the	
  most	
  flexible	
  and	
  had	
  the	
  lowest	
  bending	
  moment	
  at	
  all	
  
deflections.	
  Vortex	
  Blue	
  had	
  the	
  greatest	
  stiffness	
  and	
  bending	
  moment	
  from	
  1-‐2	
  
mm,	
  while	
  Vortex	
  required	
  the	
  greatest	
  bending	
  moment	
  at	
  deflections	
  from	
  5-‐8	
  
mm. The manufacturer claims better fatigue resistance and flexibility with Vortex Blue
than other files of similar design but the current study showed it to be the stiffest. It
should be noted that the current testing was conducted at 370C which may render the file
in a different proportion of phases than at room temperature and this may have affected
Vortex Blue’s flexibility.
Several limitations may be found in this study. The cantilever bending method
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was used rather than the ISO, specifications, where the files are bent 450, so comparison
to other results is limited. Another limitation in this study was testing the flexibility of
unused files without the use of irrigants or testing different instrumentation techniques.
One of the important factors in instrument deterioration is instrumentation technique (48).
Mechanical strains from use inside curved narrow canals might be a significant factor in
deterioration of the file (48) or the use of irrigants and the environment of the mouth
(body temperature, saliva and its electrolytes, blood) may cause corrosion of the NiTi
alloy(45). As mentioned above, the files in this study were tested at 370C as the files may
have different properties at room temperature.
In the present study autoclaving by itself did not limit the re-use of, files in curved
canals as the flexibility was not affected by multiple cycles of autoclaving. Flexible files
would more easily negotiate curved canals without transportation and ledging.
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CONCLUSION

Within the limitations of this study it can be concluded that:
1. Repeated autoclaving did not significantly affect the flexibility of four different brands
of files.
2. There was no significant interaction between cycles and file brands, indicating that the
four brands of files were similarly not affected by autoclave cycling.
3. On comparison of flexibility between different brands of files it was observed that
HyFlex CM was the most flexible and had the lowest bending moment at all deflections.
4. Vortex Blue had the greatest stiffness and bending moment during cantilever
deflections of 1-2 mm, while Vortex required the greatest bending moment at deflections
of 5-8 mm
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